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摘 要 
本论文采用不同方法制备介孔氧化铝负载 Co-Pt 双金属催化剂，并将其分别
应用于甲烷部分氧化制合成气和费-托合成反应中。考察了催化剂的反应性能，
并采用 BET、XRD、H2-TPR、Raman、UV-Vis DRS 和 TEM 等技术对催化剂进
行表征，研究了催化剂结构与性能之间的关系。 
（一）甲烷部分氧化制合成气部分 
采用溶胶-凝胶法，原位一步合成介孔氧化铝（MA）负载钴基催化剂。以
Co-MA 为基础催化剂，考察了添加不同贵金属对催化剂反应性能的影响，重点
考察了添加 Pt 的影响，主要结论如下： 
（1）在高温焙烧的 6Co-MA 催化剂中，添加少量 Ru、Rh、Pd 或 Pt 等贵金
属，均能显著提高催化剂的甲烷转化率和合成气选择性。其中，添加 Pt 的效果
最佳。 
（2）比较考察 Co-MA、Pt-MA 和 CoPt-MA 催化剂的 POM 反应性能发现，
在双金属催化剂中，Co、Pt 之间存在着催化协同作用。  
（3）催化剂结构表征结果表明，原位合成的 Co-MA 和 CoPt-MA 催化剂均具
有大的比表面积和规整有序的介孔结构。 
（4）H2-TPR 等结果表明，少量 Pt 的添加导致催化剂中 Co 物种的分散度提
高及其可还原性能显著改善，此为添加Pt使得催化剂性能得以提高的重要原因。 
（5）反应后催化剂的 TEM 表征结果表明，6Co0.1Pt-MA 催化剂的介孔结构
有很高的热稳定性，且催化剂表现出很好的抗烧结、抗积碳性能，此与该催化剂
的高活性、高稳定性 POM 反应性能相一致。  
（二）费-托合成反应部分 
采用乙醇溶液分步浸渍法制备介孔氧化铝负载 Co-Pt 双金属催化剂
Pt/Co/MA，并将该类催化剂首次应用于费-托合成反应，与商品 γ-Al2O3 负载的催
化剂相比较，考察了载体、金属组分和 Co 负载量等因素对催化剂反应性能的影
响，初步研究了催化剂的结构与性能之间的关系。主要结论如下： 
（1）采用介孔氧化铝制备的 Co/MA 催化剂比使用商品氧化铝制备的 Co/A
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催化剂具有较高的 CO 转化率和 C5+选择性。 
（2）在 Co/MA 催化剂中添加少量 Pt，其催化活性和 C5+选择性显著提高；
而在 Co/A 催化剂中添加 Pt，其催化活性仅略有提高，而 C5+选择性明显下降。 
（3）催化剂结构表征结果表明，Co/MA 和 Pt/Co/MA 催化剂均具有大的比表
面积和规整有序的介孔结构；介孔 Al2O3 负载的催化剂相对于商品 γ-Al2O3 负载
的催化剂，在还原后，前者金属钴的颗粒度较小，分散度较高。 
（4）根据催化剂性能评价和结构表征结果，本文认为，介孔 Al2O3 负载的
Co 基催化剂较好的催化性能与其结构密切相关。其大的比表面积和丰富的介孔
孔道有助于金属组分的分散，并有利于反应过程中的传热以及反应物和产物的传
质扩散，由此导致了其较高的催化活性和 C5+选择性。 
（5）在 Co/A 和 Co/MA 催化剂中添加 Pt，其可还原性能均显著提高，但添
加 Pt 对两种催化剂费-托反应性能的影响却明显不同。有关双金属催化剂中不同
金属组分之间的相互作用，有待后续工作的进一步深入研究。 
 
关键词： 甲烷部分氧化；合成气；费-托合成；介孔 Al2O3；Co-Pt 双金属催化剂
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Abstract 
In this work, ordered mesoporous alumina-supported Co-Pt bimetallic catalysts 
were prepared by different methods and were applied to partial oxidation of methane 
to syngas and Fischer-Tropsch synthesis reaction. Catalytic performance was 
examined and a series techniques including BET, XRD, H2-TPR, Raman, UV-Vis 
DRS, TEM and HRTEM have used to characterize the catalysts. The relationship 
between structure and catalytic performance was studied. 
I  Partial oxidation of methane to synthesis 
An ordered mesoporous alumina-supported cobalt was in-situ synthesized 
through sol-gel method. Effects of the addition of different noble metals on the 
catalytic performance on the basis of Co-MA catalysts were studied and the addition 
of Pt was focused investigated. The main results of the work are summarized as 
follows:    
i In the 6Co-MA Catalysts, the CH4 conversion and syngas selectivity of 
catalysts can be improved effectively by the addition of noble metals such as 
Ru, Rh, Pd and Pt. CoPt-MA catalyst reached the best catalytic performance. 
ii Comparing with the catalytic performance of Co-MA, Pt-MA and CoPt-MA 
catalysts for POM reaction, synergetic effect was found between Co and Pt. 
iii Structure characterizations of catalysts show that in-situ synthesized Co-MA 
and CoPt-MA catalysts remained large surface area and high ordered 
mesoporous pore channels. 
iv H2-TPR results show that the addition of a small amount of Pt can improved 
dispersion and reducibility of Co species greatly and which is contribute to the 
improvement of catalytic performance. 
v TEM results of used catalysts show that 6Co0.1Pt-MA catalyst has high 
thermostability and good performance for resistance to sintering and carbon 
deposit. 
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II Fischer-Tropsch synthesis 
An ordered mesoporous alumina-supported Co-Pt catalysts (Pt/Co/MA) was 
prepared by impregnation with ethanol and was applied to Fischer-Tropsch firstly. 
Comparing with γ-alumina-supported Co-Pt catalysts, effects of carriers, metal 
component and Co loading on the catalytic performance was investigated and the 
relationship between structure and catalytic performance was briefly studied. The 
main conclusions of the work are summarized as follows: 
i Comparing with Co/A catalyst, Co/MA catalyst has high CO conversion and 
C5+ selectivity. 
ii Added a small amount of Pt to Co/MA catalyst, the catalytic performance and 
C5+ selectivity was improved greatly. But for Co/A catalyst, the addition of Pt 
improved the catalytic performance slightly and the C5+ selectivity was 
dropped obvisouly. 
iii Structure characterization results show that Co/MA and Pt/Co/MA catalysts 
have large surface area and high ordered mesoporous pore channels. 
Compering with Co/A catalyst, the Co particle is smaller and better dispersed 
after the reduction of Co/MA catalyst. 
iv According to the result of activity measurement and structure characterization, 
good catalytic performance of mesoporous alumina-supported cobalt catalysts 
was closely related to their structure. Large surface area and mesoporous pore 
channels was beneficial to the dispersion of metal components and heat and 
mass transfer of reactants and products, which was contribute to the high 
catalytic performance and C5+ selectivity. 
v The addition of Pt to Co/A and Co/MA catalysts, the reducibility was improved 
greatly. But the effects of catalytic performance were different which call for 
further research to the interaction of metal components of bimetallic catalysts. 
 
Keywords：Partial oxidation of methane; Synthesis gas; Fischer-Tropsch synthesis; 
meso-Al2O3; CoPt bimetallic catalysts 
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